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a b s t r a c t
A brief introduction to the Hurst exponent in ecology is given, and the application of the
method to rodent populations is illustrated. Results show that the Hurst exponent is very
convenient and effective in detecting nonlinear systems in natural populations.
© 2010 Elsevier Ltd. All rights reserved.
1. Introduction
Analyses and forecasts of linear systems have been widely used to study changes in rodent population dynamics and to
predict population growth tendency, especially in the analysis and prediction of time series [1,2]. Unfortunately, forecasts
using linear systems (e.g., multiple linear regression equations) are often inaccurate, and they cannot reflect the real
conditions of the natural population, suggesting that the natural population is actually nonlinear or even chaotic. Therefore,
determining whether a system is linear or nonlinear is a primary problem.
Rescaled range (R/S) analysis was first proposed by Hurst in the mid-20th century, when he worked on a flood control
project in the River Nile [3,4]. Since then, R/S analysis has been improved by ecologists and applied to many fields, such as
natural phenomenon studies (climate, hydrology, animal population, and so on) and economic analyses (stocks, futures, and
so on). The time series are random, persistent, or anti-persistent, and could be analyzed by calculating the Hurst exponent
through R/S analysis. If a time series is anti-persistent, it is nonlinear. The Hurst exponent is a precise indicator in estimating
the nonlinear characteristics in time series.
In this study, we attempt to identify the possible presence of the complicated dynamics of Tscherskia triton (T. triton),
Apodemus agrarius (A. agrarius), and Cricetulus barabensis (C. barabensis) populations in a time series in Wendeng City
(37°12′N, 122°03′E), North China Plain. T. triton, A. agrarius, and C. barabensis are three dominant rodent species in the North
China Plain. Using a night trapping method, the population density for 22 consecutive years (1982–2003) was measured.
Each month, three consecutive nights were chosen to set traps. The final population density was calculated based on the
average capture rate. The nonlinear characteristics of this population dynamics are shown by the Hurst exponent.
2. Method
According to the Peters algorithm [5,6], the first step in applying the Hurst exponent is dividing the f (t) (t = 0,
1, . . . ,N − 1) into A groups with the same number m, denoted as Da, a = 1, 2, . . . , A. The average value of each group is
xa. Compute Xk,a =∑ki=1(xi,a − xa), k = 1, 2, . . . ,m for each group to obtain Ra = max(Xk,a)−min(Xk,a). The value of the
rescaled range can then be given by the formula (R/S)N = 1A
∑A
a=1 Ra/Sa = kNH , where Sa is the standard deviation and H
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Fig. 1. Hurst exponent with sampling interval. (The x-axis represents the sampling intervals and the y-axis represents the Hurst exponent. Sampling
interval refers to the time interval between two sampling data. The value 0 < H < 0.5 represents anti-sustainability and 0.5 < H < 1 represents
continuity, whereas H = 0.5 means that the data is random.)
is the Hurst exponent. Hurst found that ratio R/S analysis is very well described for a large number of natural phenomena
by the formula
(R/S)N = 1A
A−
a=1
Ra/Sa = kNH , (∗)
where Sa is the standard deviation and H is the Hurst exponent. After taking logarithms on both sides, Eq. (∗) becomes
ln(R/S)N = ln k+ H lnN .
We can perform ordinary least squares regression on log(n) via log(R/S)n. The slope of the equation is the estimator of
the Hurst exponent H . Anis and Lloyd developed an equation to circumvent the systematic deviation of the R/S statistics for
small n. When n < 300,
E(R/S)N =
[
N − 0.5
N

×

N × π
2
]−0.5 N−1−
r=1

N − r
r
.
If the process is a random walk (i.e., statistically independent processes without long-run statistical dependence),
H = 0.5 should be obtained, which means that the time series is random. Variables f (t1) and f (t2) are independent if
t1 is not equal to t2. In this case, future predictions of the time series are impossible. A value of 0.5 < H < I indicates what
is commonly termed ‘‘statistically persistent behavior’’. The degree of persistence depends on the extent of H ’s closeness
to 1, whereas a value of 0 < H < 0.5 represents ‘‘anti-persistent behavior’’.
3. Results
3.1. Tscherskia triton
As shown in Fig. 1, the time series can be identified as persistent, and long-memory processes with Hurst exponent>0.5
only occur in a few cases. In most cases, H is<0.5, which shows the non-sustainability of the population data.
According to the above analysis, the data for the T. triton population is nonlinear.
3.2. Apodemus agrarius
Fig. 2 shows the Hurst exponent trend with time interval on clear data of capture rate. In a few cases where the time
interval is between 8 and 13months, the time series can be identified as persistent. When the long-memory processes have
Hurst exponents with values H < 0.5, anti-sustainability of the population data is shown.
3.3. Cricetulus barabensis
As shown in Fig. 3, the time series be identified as persistent, and long-memory processes with Hurst exponent >0.5
only occur in a few cases. In most cases, H is less than 0.5, which shows the non-sustainability of the population data.
According to the above analysis, the clean data on C. barabensis population is nonlinear.
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Fig. 2. Hurst exponent trend with time interval.
Fig. 3. Hurst exponent trend with time interval.
4. Discussion
The Hurst exponent is often used in detecting nonlinear systems in time series. As shown in this paper, The Hurst
exponent is very convenient and effective in detecting nonlinear systems in natural populations.
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